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毒素的能力。硅藻检出 25属 61种，占总种数的 57.4%；甲藻 9属 27种，占总
种数的 25.47%；绿藻 6属 10种，占总种数的 9.43%; 蓝藻 5属 6种，占 5.66%;




























获得校准曲线 y = 94.562x - 6.0238，R2 = 0.9948，结果表明芯片可用于有害藻的
半定量分析。 
4）应用校准曲线将相应探针信号换算成细胞密度，获得 Dinophysis，
Alexandrium，Karenia mikimotoi 周年变化曲线，细胞浓度在 2-3月份与 6-7月份
达到高峰，而 9月份开始到来年 1月份基本没有检出。说明春季与夏季早期均为
有害藻潜在爆发期，尤其是亚历山大藻。 




















Over the last three decades, the frequency ,density and geographical distribution 
of harmful algal blooms (HABs) are increasing, which raises public health concerns 
and cause huge economic loss. Monitoring the dynamic change of harmful algae has 
important contribution for the prediction of HABs phenomena and the identification 
of risks related to toxic algal species to human and ecological system . However, the 
effectiveness of monitoring programs using light microscopic identification is limited 
by the fact that it is time consuming and that morphology, as determined by light 
microscopy, may be insufficient to give definitive species. Thus, there is a need to 
implement molecular methods to ensure a fast and reliable species identification. The 
project MIDTAL (Microarray Detection of Toxic Algae)—an FP7-funded EU 
project—used rRNA genes (SSU and LSU) as a target on microarrays to identify toxic 
species. 
In this study, according to the characteristics of Xiamen bay harmful 
phytoplankton species, we designed oligonucleotide microarrays for toxic algae 
identification using the molecular probes verified by the project MIDTAL. We set 
three sampling sites located in the inner and outer area of Xiamen Bay,and Jiulong 
River estuary respectively. All together 66 samples were collected during the period 
from May 2012 to April 2013 from these sampling sites. The microarray was applied 
to field samples from above three sampling sites and compared to microscopic cell 
counts and qPCR. 
The main results are showed as following. 
  1) According to microscopic counts, 106 microalgae species were identified, 
including 60 harmful species, and 11 of them are potential toxin producers. 
Bacillariophyta occupied 57.40% of all the algae species, including 56 species in 25 
genera; Pyrohophyta occupied 25.47%, including 27 species in 9 genera. 
Chromophyta occupied 9.43%, including 10 species in 6 genera. Cyanophyta 
occupied 5.66%, including 6 species in 5 genera. Heterokonts occupied1.8%, 
















spp., Skeletonema spp. and Coscinodiscus spp., which can determined the distribution 
of phytoplankton community in time and space. 
 2) Relations between microarray signal and cell counts by microscopic and 
qPCR indicates that the microarray not only effectively detected 6 genera of toxic 
algae (Dinophysis ,Karenia, Alexandrium, Prorocentrum, Pseudonitzschia and 
Heterosigma) which were observed by microscopic accounts, but also 3 genera 
(Pseudochattonella,Prymnesiophyta,Karlodinium veneficum) not observed by 
microscopy. In this study, 21 toxic algae were detected by microarray, while only 11 
by microscopy. it is likely that the volume difference between the species filtered and 
settled for counting reflects the potential of the microarray to be more sensitive for the 
detection of low cell concentration aglae. 
3) The microarray signals of Dinophysis genus-level probe DphyGS03_25_dT 
and Alexandrium genus-level probe AlexGD01_25_dT were calibrated using cell 
counts and their calibration curve were listed as following respectively. 
y=45.441x-0.6298,R2=0.9477 (x is signal value, y is cell number,the same as below)；
y=0.0013x-0.2453，R2=0.5380. Microarray signals of Karenia mikimotoi species-level 
probe KmikiD01_25_dT were calibrated by qPCR results, the calibration curve is as 
follow: y = 94.562x - 6.0238，R2 = 0.9948. These results suggest this microarray 
approach was useful for the semiquantitative detection. 
4) The annual dynamic densities of the toxic algae of Dinophysis，Alexandrium，
Karenia mikimotoi suggested that the peak values appeared in February to March and 
June to July, but none detection in the period from September to January. The result 
indicates that in Xiamen Bay,early spring and early summer are the periods of 
potentially risk of of toxic algae bloom, especially for Alexandrium . 
 In summary, the microarray designed in this study has great potential to be used 
as a high-throughput monitoring tool for toxic algae in Xiamen Bay. 
 
























plankton）(郑重 1984;Thurman & Burton 1997)，其作为海洋生态系统的重要组成
部分，负责全球(陆地和海洋) 大约一半的净初级生产力(Tréguer 1995; Field et 
al.,1998)。目前报道大约有 5000 种海洋浮游植物物种 (Sournia 1995; Nathalie et 
al., 2009)，大约 80 种会产生毒素，通过鱼和贝类引起人类毒害( Zigone and 













效应并没有明确线性的关系，比如产毒的Dinophysis ( Mariño et al. 1993; Blanco 
























或细胞毒性的物质损伤鱼腮组织(Hallegraeff  2003, Núñez et al. 2011)。新近发现
从 Karenia mikimotoi中提取的毒性物质对哺乳动物细胞生长发育有不良作用




(Hallegraeff et al., 2003,齐雨藻等,2003, Núñez et al. 2011)。有害赤潮的危害效应可
以分成四类: 对人类健康的影响；对野生的和养殖的经济海洋生物的影响；对海
洋生态系统的影响；对海洋旅游和娱乐功能的影响等(Zigone and Enevoldsen 
2000,Landsberg 2002)。 
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